In the present study, infection experiments of E. krijgsmanni using various hosts were conducted to elucidate the host specificity among some animals and the infectivity to mouse strains. According to the results, the infection was not found in most animals, except for rats, in which some oocyst shedding was detected, and there was no significant difference in infectivity among mouse strains. Additionally, oocyst shedding was hardly detectable in a secondary infection to immunocompetent mice, although it was found in immunodeficient mice. These results indicated that only immunocompetent mice could develop adaptive immunity against reinfection by stimuli of the primary infection. Furthermore, the infection experiments were performed with splenic macrophage (Mφ)-depleted mice with a reagent and Beige (Bg) mice known to be a strain of mice with low NK cell activity. No significant effect was found in primary or secondary infections in the Mφ-depleted mice, whereas the mortality rate was clearly increased in Bg mice inoculated with a large number of oocysts. Their oocyst shedding was similar to that of immunocompetent hosts. Taken together, these results suggested that Mφ has only a minor role in the immune response, but the NK cell has an important function in resistance to primary infection of E. krijgsmanni.
Introduction
Intestinal coccidia cause watery or bloody diarrhea, weight loss, and overall poor health conditions and are considered to be an important group of apicomplexan parasites in medicine and veterinary medicine. It is well known that the Eimeria spp. displays a high degree of host specificity and includes many species that are specific to each host animal (Vetterling 1976) , and their infection is generally self-limiting. Although some drugs and vaccines are available for prevention of avian Eimeria (Wallach 2010) , the emergence of anticoccidial drug resistance has also been reported (Abbas et al. 2011) . In addition, the life cycle, host immune response, and drug sensitivity of the parasite are diverse even if their genus or host is the same; thus, some details of Eimeria infection remain unclear, and their infection has not yet been entirely controlled, in spite of the high economic losses they cause worldwide, especially in livestock such as cattle and chickens.
To date, 14 species of mouse Eimeria have been described, and infection experiments using mice can be performed efficiently and can contribute to research on intestinal coccidia in mammalian hosts. However, these studies are limited to wellknown Eimeria species such as Eimeria papillata or E. falciformis. Recently, Matsui et al. (2006) identified a species isolated from the feces of naturally infected mice as E. krijgsmanni morphologically and biologically. Additionally, our another research showed differences of the drug sensitivity from other mouse Eimeria spp. So, we consider that this species is also an useful experimental model in order to elucidate diversity of infection mechanisms in genus Eimeria. Thus, the aims of the present study were to elucidate the host specificity and infectivity of E. krijgsmanni to some mouse strains. Furthermore, examinations of the functions of macrophage (Mφ) or *Corresponding author: thmatsuo@vet.kagoshima-u.ac.jp Kazuki Hashimoto et al. 338 NK cells that play a role in the initial immune response against antigenic organisms were performed in vivo in order to solve the host immune response in mice against Eimeria infection.
Materials and Methods
E. krijgsmanni was obtained from the Division of Tropical Disease and Parasitology, Department of Infectious Diseases, Kyorin University School of Medicine, and maintained by routine passage through coccidian-free mice in the Laboratory of Parasitology, Joint Faculty of Veterinary Medicine, Kagoshima University. Five-week-old female ICR mice, 3-week-old female rats (JCL: Wistar), 3-week-old female Syrian hamsters (Mesocricetus auratus), 9-week-old female Japanese white rabbits (CLEA Japan, Tokyo), and 3-week-old guinea pigs (Hartley) (Saitama Experimental Animal Supply, Saitama) were inoculated with 1.3 × 10 6 oocysts for confirmation of the host specificity. Five-week-old female ICR, BALB/c, C57BL/6, severe combined immunodeficiency (SCID), and nude mice (CLEA Japan, Tokyo) were inoculated with 2.0 × 10 2 oocysts for investigation of infectivity among mouse strains. Five-weekold female BALB/c, SCID, and nude mice were inoculated with 2.0 × 10 2 oocysts, and then challenge infections were initiated 3 weeks after primary infection for investigation of immunogenicity. The animal experiments in the present study were carried out with the approval of the committee in Kagoshima University (VM13006) and Kyorin University School of Medicine (No. 42-1). One hundred μl of the Clophosome-A (Clodronate Liposome, Anionic), which removes the splenic Mφ (Lou et al. 2005) , or Plain Control Liposome (Anionic Liposome) (FormuMax, USA) was injected intraperitoneally to 5-week-old female BALB/c mice at 1 day before inoculation and 6 days after inoculation because the reagents maintain the effect for 7 days and were inoculated with 2.0 × 10 2 oocysts for examinations of the functions of the Mφ. Five-week-old female Beige (Bg) mice (C57BL/6JHamSlc-bg/bg) and C57BL/6 as a control for Bg mice (SLC Japan, Shizuoka), which are known to be the strain of mice with defective neutrophils and low NK cell activity, were inoculated with 1.0 × 10 2 or 1.0 × 10 4 oocysts for examination of the functions of the NK cell. The number of each group of animals is five in all studies. All animals were confirmed to be coccidium free prior to experiment, and the experimental infection was assessed by oocyst shedding. The presence of oocysts was examined by the sugar flotation method. If positive, the number of oocysts per gram of feces (OPG) value (>10 3 ) was estimated (Matsui et al. 2006) .
Results and Discussion
The results of infection experiments with mice, rats, hamsters, rabbits, and guinea pigs are shown in Table I . All mice given 1.3 × 10 6 oocysts were dead during the prepatent period. Oocyst shedding was detected only in rats; however, the number of oocysts was remarkably lower and the patent period was shorter than those of mice given 2.0 × 10 2 oocysts. No oocysts were found in the other animals. Thus it was shown that E. krijgsmanni has high host specificity, as with other Elmeria spp. (Vetterling 1976) . The infectivity of E. krijgsmanni was investigated among some mouse strains (Table I and Fig. 1 ). The prepatent and patent periods were 6 to 7 days, and their maximum OPG values were 1.0 × 10 7 to 3.1 × 10 7 on day 8 in all strains. There was no difference in the infectivity of E. krijgsmanni among strains. Most of the mouse strains could be used for each experiment because no difference in the infectivity of E. krijgsmanni among mouse strains was found. 
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The oocyst-shedding pattern of mice given primary and secondary inoculations is summarized in Table II . When inoculated with 2.0 × 10 2 oocysts as a primary infection, the infectivity was almost the same among the strains between immunocompetent and immunodeficient mice. Thus, immune status did not contribute during the primary infection of E. krijgsmanni. After challenge inoculations, BALB/c mice could remarkably reduce the infectivity, whereas SCID and nude mice remained highly susceptible to secondary infection (Table II and Fig. 2) . Although the reasons the patent periods of SCID and nude mice were prolonged for 5 days and 15 days, respectively, compared with those of the primary infection, were unknown, it was obvious that T cells were crucial for recovery from infection of E. krijgsmanni. These findings support the theory that mice depleted CD4+ T cells were highly sensitive to secondary infection by E. vermiformis or E. pragensis (Rose et al. 1992) . In Cyptosporidium spp. and Toxoplasma gondii, the adaptive immunity of cell-mediated immunity related with IFN-γ, which was secreted by activated CD4+ T cells, has been reported to be crucial for recovery from the infections (Aguirre et al. 1994 , Chen et al. 1993a , b, Denkers and Gazzinelli 1998 , McDonald and Bancroft 1994 , McDonald et al. 1992 , Ungar et al. 1991 . These reports provide insight that a T cell-mediated immune response including IFN-γ secretion is also important for infection of E. krijgsmanni.
In splenic macrophage-depleted mice with Clophosome-A (Mφ-), the patterns of oocyst discharge were similar to those of the control group with Plain Control Liposome (Mφ+) in addition to normal BALB/c mice (Table II and Fig. 3 ). Thus far, it has been reported that Mφ played a role in antigen presentation to the CD4+ T cells and in innate and adaptive immunity against Cyptosporidium and other Eimeria infections (Takeuchi et al. 2008 , Taubert et al. 2009 ). However, it was suggested that Mφ could have only a minor role in E. krijgsmanni infection, even though peripheral Mφ might remain functional, because the splenic Mφ was mainly eliminated by the reagent in this study. The oocyst discharge of primary and secondary infections of beige mice given 2.0 × 10 2 oocysts was almost the same as that of C57BL/6 and immunocompetent BALB/c mice, as shown in Table II and Fig. 3 . The beige and C57BL/6 strains of mice given 2.0 × 10 4 oocysts showed bloody diarrhea, and 3 of 5 beige mice died 8, 9, and 13 days postinfection (PI). Only the presence of oocysts was confirmed at 8 and 9 days postinfection by the sugar flotation method for both strains given 2.0 × 10 4 oocysts, because sufficient amounts of feces for OPG value estimation could not be collected, and the number of oocyst shedding after 10 days PI was similar to that of normal BALB/c mice. Additionally, the immunocompetent C57BL/6 mice given 2.0 × 10 4 oocysts showed lower recovery to challenge infection because the maximum OPG value of them reached 5.8 × 10
3 . Detailed mechanisms of the innate immunity against Eimeria infection (Barakat et al. 2009 , Pogonka et al. 2010 , Rose et al. 1989 , Rose et al. 1984 , Schito and Barta 1997 , Smith and Hayday 2000 . In the experiment using beige mice, it was shown by the obvious increase in their mortality rate that the NK cell is important in resistance to a primary infection of E. krijgsmanni. Our data suggested that neither Mφ nor NK cells were required for adaptive immunity against E. krijgsmanni. Additionally, it is interesting that the patent period was considerably extended in the challenge infection to the immunodeficient hosts, especially nude mice. Nude mice lack T cells but have B cells, NK cells and Mφ, that is, their immunodeficient status is partial in comparison with SCID mice. So, some kinds of host immune responses may suppress development of parasites although they could not completely prevent reinfection like immunocompetent hosts. Thus, further studies on their lifecycle in various cases are needed.
